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SAME 



5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a structure of a semiconductor device and, more 
particularly, to a structure of a power semiconductor device for use in power control and a 
method of manufacturing the same. 

10 

Description of the Background Art 

Fig. 8 is a schematic sectional view of a structure of a first background art 
power semiconductor device. As shown in Fig. 8, the first background art power 
semiconductor device comprises a power element 1, lead frames 2 formed from sheet 
15 metal, a metal block 5 functioning as a heat sink for heat dissipation, and a resin package 
6. 

The lead frames 2 have a die bonding pad portion 3 and an inner lead portion 4. 
The power element 1 is bonded to the die bonding pad portion 3 with solder 9. The 
power element 1 is formed with electrodes (not shown) connected to the inner lead 

20 portion 4 of one of the lead frames 2 through an aluminum wire 8. The metal block 5 
has a protrusion provided substantially centrally thereof and spaced a predetermined 
distance apart from the opposite surface of the other lead frame 2 from the power element 
1 in opposed relation to the power element 1. The resin package 6 seals the power 
element 1, the lead frames 2 and the metal block 5 while uncovering a surface of the 

25 metal block 5 opposite from the lead frames 2. An external heat dissipator 11 is 



mounted to an uncovered portion of the metal block 5. A portion of the resin package 6 
which lies between the protrusion of the metal block 5 and the other lead frame 2 is 
referred to hereinafter as a resin insulation layer 27. 

In some cases, an element for forming a control circuit for the power element 1 
5 in addition to the power element 1 is formed on the die bonding pad portion 3 . 

Fig. 9 is a schematic sectional view of a structure of a second background art 
power semiconductor device. Fig. 10 is a sectional view, on an enlarged scale, of a 
portion B shown in Fig. 9. Such a structure is disclosed in, for example, Japanese Patent 
Application Laid-Open No. 10-93015 (1998). As shown in Figs. 9 and 10, the second 
10 background art power semiconductor device comprises the power element 1, a diode 12, a 
heat diffusion plate 15, the lead frame 2, an insulation layer 37, a heat sink 25, and the 
resin package 6. 

The power element 1 is bonded to the heat diffusion plate 15 made of copper 
with solder 9. A surface of the heat diffusion plate 15 opposite from the power element 

15 1 is bonded to the die bonding pad portion 3 of the lead frame 2 made of copper with 
solder 9. A surface of the lead frame 2 opposite from the heat diffusion plate 15 is fixed 
to the heat sink 25 made of copper with the insulation layer 37. In the manufacturing 
steps, the lead frame 2 is previously fixed to the heat sink 25, and then the heat diffusion 
plate 15 with the power element 1 bonded thereto is bonded to the die bonding pad 

20 portion 3 of the lead frame 2. The diode 12, which generates less heat than the power 
element 1, is directly bonded to the lead frame 2 with the solder 9 without using the heat 
diffusion plate 15 therebetween. The power element 1 is formed with electrodes (not 
shown) connected to the inner lead portion 4 of the lead frame 2 through the aluminum 
wire 8. The resin package 6 seals the power element 1, the diode 12, the lead frame 2 

25 and the heat diffusion plate 15 while uncovering a surface of the heat sink 25 opposite 



from the lead frame 2. 

In the first background art power semiconductor device, heat generated from 
the power element 1 flows through the other lead frame 2, the resin insulation layer 27 
and the metal block 5 and is then dissipated from the external heat dissipator 1 1 to the 

5 exterior. The metal block 5 and the external heat dissipator 1 1 are made of a material 
selected from the group consisting of aluminum and copper which are about 230 W/mK 
and about 390 W/mK in thermal conductivity, respectively. The lead frames 2 are also 
formed of a metal such as copper, and accordingly have a thermal conductivity similar to 
those of the metal block 5 and the external heat dissipator 1 1 . The resin which forms the 

10 resin insulation layer 27 has a thermal conductivity of 1 to 3 W/mK. In this manner, the 
resin insulation layer 27 has the thermal conductivity which is about 1/100 those of other 
materials, and is therefore a main deterrent to heat conduction. 

The heat dissipation characteristic of a semiconductor device is determined by 
the thickness and thermal conductivity of a material through which heat passes, an area 

15 over which heat passes through a material, and the like. In the first background art 
power semiconductor device, the reduction in the thickness of the resin insulation layer 
27 may be made to reduce a portion of poor heat conduction through which heat passes, 
thereby improving the heat dissipation characteristic. However, the resin insulation 
layer 27 must have a dielectric breakdown voltage of thousands of volts, and therefore has 

20 a thickness limit of about 0.5 mm. This gives rise to a limit to the improvement in the 
heat dissipation characteristic. 

Further, the use of ceramic powder having a high thermal conductivity, for 
example, powder of aluminum nitride, silicon nitride or the like as a filler to be added to 
the resin which forms the resin insulation layer 27 and the increase in filling factor of the 

25 ceramic powder allow the increase in the thermal conductivity of the resin insulation layer 



27 up to about 5 W/mK. However, since the resin insulation layer 27 is a part of the 
resin package 6, this technique results in the use of the ceramic-powder-filled resin for 
other parts of the resin package 6 than the resin insulation layer 27, i.e., parts which need 
not have such a high thermal conductivity. This causes the needless use of the costly 
5 resin, to increase the cost of the materials of the semiconductor device. 

The heat generated from the power element 1 passes through the other lead 
frame 2 and then through the resin insulation layer 27. Unlike the metal block 5, the 
lead frames 2, in general, are not permitted to increase the thickness thereof in terms of 
processing problems, and accordingly produce a lower heat diffusion effect than the metal 

10 block 5 and the like. It has therefore been difficult to sufficiently increase the area over 
which heat passes through the resin insulation layer 27, which has been one of the causes 
of the limitations of the improvement in the heat dissipation characteristic. 

In the second background art power semiconductor device, the lead frame 2 and 
the heat diffusion plate 1 5 are disposed between the power element 1 and the insulation 

15 layer 37. The heat diffusion plate 1 5 diffuses the heat generated from the power element 
1 in a horizontal direction perpendicular to the thickness direction thereof to increase the 
area over which heat passes through the insulation layer 37. However, the increase in 
the horizontal dimension of the heat diffusion plate 15 disposed between the power 
element 1 and the lead frame 2 for the purpose of improving the heat dissipation 

20 characteristic presents difficulties in wiring of the aluminum wire 8 which connects the 
power element 1 and the lead frame 2 to each other. There is also another problem such 
that the increase in the thickness of the heat diffusion plate 15 elongates the wiring length 
of the aluminum wire 8 to increase power dissipation. 

To enhance the thermal conductivity, a ceramic-material-filled resin is 

25 sometimes used only for the insulation layer 37. In other words, different resins are 



sometimes used for the resin package 6 and the insulation layer 37. In such a case, when 
the resin package 6 is formed after the lead frame 2 and the heat sink 25 are bonded 
together, i.e., after the insulation layer 37 is cured, peeling is prone to occur at the 
interface between the resin package 6 and the insulation layer 37. This decreases the 
5 dielectric breakdown voltage between the lead frame 2 and the heat sink 25. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, a semiconductor device 

comprises: a semiconductor element; a lead frame having a first surface for mounting the 
10 semiconductor element thereon, and a second surface opposite from the first surface; a 

metal block provided on the second surface of the lead frame; an insulation layer 

provided on the metal block opposite the lead frame; and a bonding material between the 

second surface of the lead frame and the metal block, the bonding material being better in 

heat conduction than the insulation layer. 
15 Preferably, in the semiconductor device of the first aspect, the metal block is 

disposed in opposed relation to the semiconductor element. 

According to a second aspect of the present invention, in the semiconductor 

device of the first aspect, the metal block has a wider surface than the bonding material 

opposite the bonding material. 
20 According to a third aspect of the present invention, in the semiconductor 

device of the first or second aspect, the semiconductor element includes a plurality of 

semiconductor elements; and the metal block is separate for each insulated unit between 

the semiconductor elements, and is provided in corresponding relation to at least one of 

the semiconductor elements. 
25 According to a fourth aspect of the present invention, the semiconductor device 



of any one of the first to third aspects further comprises a resin package for sealing the 
semiconductor element, the lead frame and the metal block while uncovering the 
insulation layer, wherein the insulation layer is better in heat conduction than the resin 
package. 

5 Preferably, in the semiconductor device of the fourth aspect, the insulation layer 

comprises a base material with the same base as the resin package, and ceramic powder. 

According to a fifth aspect of the present invention, in the semiconductor device 
of any one of the first to fourth aspects, the metal block has a first surface and a second 
surface opposite the insulation layer; the first surface of the metal block is closer, as 
10 viewed in the vertical direction, to the lead frame than is the second surface of the metal 
block; and the bonding material lies between the second surface of the lead frame and the 
first surface of the metal block. 

According to a sixth aspect of the present invention, in the semiconductor 
device of any one of the first to fourth aspects, the lead frame has a third surface; and the 
15 third surface is closer, as viewed in the vertical direction, to the semiconductor element 
than is the second surface to define an insulation space between the metal block and the 
third surface. 

According to a seventh aspect of the present invention, a method of 
manufacturing a semiconductor device comprises the steps of: (a) preparing a 
20 semiconductor element; (b) preparing a first resin in a semi-cured state; (c) covering the 
semiconductor element and the first resin with a second resin, the step (c) being 
performed after the steps (a) and (b); and (d) simultaneously curing the first resin and the 
second resin, the step (d) being performed after the step (c). 

According to an eighth aspect of the present invention, the method of the 
25 seventh aspect further comprises the steps of: (e) preparing a lead frame having a first 



surface and a second surface opposite from the first surface, and a metal block, the step 
(e) being performed before the step (c); (f) mounting the semiconductor element on the 
first surface of the lead frame, the step (f) being performed before the step (c) and after 
the steps (a), (b) and (e); (g) providing the metal block on the second surface of the lead 
5 frame, with a bonding material therebetween, the step (g) being performed before the step 
(c) and after the steps (a), (b) and (e); and (h) providing the first resin on the metal block 
opposite the lead frame, the step (h) being performed before the step (c) and after the 
steps (a), (b) and (e), wherein the bonding material is better in heat conduction than the 
first resin, and wherein the second resin in the step (c) also covers the lead frame and the 

1 0 metal block while uncovering the first resin. 

Preferably, in the method of the eighth aspect, the first resin comprises a base 
material with the same base as the second resin, and ceramic powder. 

In the semiconductor device of the first aspect of the present invention, good 
heat conduction in the bonding material positioned near the semiconductor element which 

15 is a heat source achieves good heat dissipation from the metal block. 

Additionally, the insulation layer provided on the metal block may be made 
responsible for a dielectric breakdown voltage. Therefore, the bonding material may be 
selected from the viewpoint of heat conduction without the need for consideration of the 
dielectric breakdown voltage. 

20 In the semiconductor device of the second aspect of the present invention, the 

metal block has a wider surface than the bonding material to diffuse the heat from the 
semiconductor element. Thus, the insulation layer which is a main deterrent to heat 
conduction can pass heat therethrough over a wider area. Consequently, a heat 
dissipation characteristic is improved. 

25 In the semiconductor device of the third aspect of the present invention, the 
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metal block is separate for each insulated unit of the semiconductor elements. Therefore, 
the single semiconductor device may comprise a plurality of semiconductor elements 
while maintaining electrical insulation between the semiconductor elements. 

The semiconductor device of the fourth aspect of the present invention, which 
5 comprises the insulation layer better in heat conduction than the resin package, has a 
higher heat dissipation characteristic than a semiconductor device comprising the 
insulation layer made of the same material as the resin package. 

In the semiconductor device of the fifth aspect or the sixth aspect of the present 
invention, the formation of the insulation space between the metal block and the lead 
10 frame enables the metal block to be sized to horizontally extend to near the outline of the 
semiconductor device. This enhances the heat dissipation characteristic. 

In the method of manufacturing the semiconductor device of the seventh aspect 
of the present invention, the simultaneous curing of the insulation layer and the resin 
package reduces peeling at an interface between the different resins. Consequently, the 
15 dielectric breakdown voltage is increased. 

In the method of manufacturing the semiconductor device of the eighth aspect 
of the present invention, the insulation layer and the resin package are produced as 
different components. This allows the use of resin of high thermal conductivity only for 
the insulation layer which influences the heat dissipation characteristic. This reduces the 
20 costs of materials. 

It is therefore an object of the present invention to provide a semiconductor 
device having a satisfactory heat dissipation characteristic and a satisfactory dielectric 
breakdown voltage, and a method of manufacturing the same. 

These and other objects, features, aspects and advantages of the present 
25 invention will become more apparent from the following detailed description of the 
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present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view of a structure of a semiconductor device 
5 according to a first preferred embodiment of the present invention; 

Figs. 2 A and 2B show conduction of heat generated from a power element; 

Fig. 3 is a circuit diagram of the semiconductor device according to a second 
preferred embodiment of the present invention; 

Fig. 4 is a schematic plan view of a structure of the semiconductor device 
1 0 according to the second preferred embodiment; 

Fig. 5 is a schematic sectional view of the structure of the semiconductor device 
according to the second preferred embodiment; 

Fig. 6 shows a method of forming a resin package according to the second 
preferred embodiment; 

15 Fig. 7 is a schematic sectional view of a structure of the semiconductor device 

according to a third preferred embodiment of the present invention; 

Fig. 8 is a schematic sectional view of a structure of a first background art 
power semiconductor device; 

Fig. 9 is a schematic sectional view of a structure of a second background art 
20 power semiconductor device; and 

Fig. 10 is a sectional view, on an enlarged scale, of a portion of the structure of 
the second background art power semiconductor device. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 First Preferred Embodiment 
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Fig. 1 is a schematic sectional view of a structure of a semiconductor device 
according to a first preferred embodiment of the present invention. As shown in Fig. 1 , 
the semiconductor device according to the first preferred embodiment comprises a power 
semiconductor element (referred to hereinafter as a power element) 1 , lead frames 2a and 
5 2b, a metal block 5, and a resin package 6. 

The lead frames 2a and 2b are formed from a sheet of metal having good 
thermal conductivity, e.g., a copper alloy. The lead frame 2a has a die bonding pad 
portion 3 and an inner lead portion 4, and the lead frame 2b has an inner lead portion 4. 
The power element 1 has first and second electrodes (not shown) on first and second 

10 surfaces thereof, respectively. The power element 1 is mounted on the die bonding pad 
portion 3 of the lead frame 2a and is bonded to the die bonding pad portion 3 with solder 
9 so that the first electrode on the first surface thereof contacts the lead frame 2a. The 
second electrode on the second surface of the power element 1 is connected to the inner 
lead portion 4 of the lead frame 2b through an aluminum wire 8. The lead frames 2a and 

15 2b are separate from each other, and the first and second electrodes formed on the first 
and second surfaces of the power element 1 are insulated from each other. 

The metal block 5 is formed of a material selected from the group consisting of, 
for example, aluminum and copper, and is bonded to a surface of the lead frame 2a 
opposite from the power element 1 with a bonding material 10. More specifically, one 

20 main surface of the metal block 5 comprises a bonding surface 50 and non-bonding 
surface 51 which are disposed in opposed relation to the lead frame 2a. The bonding 
surface 50 is closer, as viewed in the vertical direction, to the power element 1 than is the 
non-bonding surface 51, and is bonded to the lead frame 2a with the bonding material 10 
in opposed relation to the power element 1. In other words, the one main surface of the 

25 metal block 5 has a protrusion bonded to the lead frame 2a in opposed relation to the 
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power element 1. The opposite surface of the metal block 5 from the lead frame 2a is 
wider than the bonding area between the lead frame 2a and the power element 1 . An 
insulation space 60 is defined between the non-bonding surface 5 1 and the lead frame 2b. 

The resin package 6 is made of, for example, an epoxy-based resin. The resin 
5 package 6 comprises an insulation layer 7 formed on the opposite surface of the metal 
block 5 from the lead frames 2a and 2b, and seals the power element 1, the lead frames 2a, 
2b and the metal block 5. An external heat dissipator 1 1 is mounted to a surface of the 
insulation layer 7 opposite from the metal block 5. 

In the semiconductor device according to the first preferred embodiment having 

10 the above-mentioned structure, heat generated from the power element 1 flows through 
the solder 9, the lead frame 2a, the bonding material 10, the metal block 5 and the 
insulation layer 7, and is then dissipated from the external heat dissipator 11 to the 
exterior. The bonding material 1 0 may be selected without consideration for dielectric 
breakdown voltage since it is not necessary for the bonding material 10 to ensure 

1 5 electrical insulation between the lead frame 2a and the metal block 5. More specifically, 
if an additional semiconductor device is mounted to the external heat dissipator 11, the 
insulation layer 7 maintains electrical insulation between the semiconductor devices. 
Thus, consideration need not be given to the dielectric breakdown voltage when selecting 
the bonding material 10. For this reason, the bonding material 10 may employ a 

20 material of better heat conduction, e.g. solder, than the insulation layer 7. Consequently, 
the heat generated from the power element 1 is satisfactorily transferred from the lead 
frame 2a to the metal block 5. 

The thickness of the bonding material 10 may be made less than that of the 
resin insulation layer 27 of the first background art power semiconductor device even 

25 when a resin adhesive is used as the bonding material 10. More specifically, the 
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bonding material 10 may have a thickness of 10 to 40 jttm to achieve reduction in 
thickness to about 1/10 as compared with the thickness of the background art resin 
insulation layer 27. Further, an adhesive with, e.g., metal powder added thereto as a 
filler, i.e., an adhesive having a high thermal conductivity may be used as the bonding 
5 material 10. As a result, the thermal conductivity of the bonding material 10 made of 
the resin adhesive may be increased up to five to ten times (5 to 20 W/mK) that of the 
background art resin insulation layer 27. In this manner, even the use of the resin 
adhesive as the bonding material 10 enables the heat generated from the power element 1 
to be satisfactorily transferred to the metal block 5. 

10 Next, the heat passing through the insulation layer 7 which is a main deterrent 

to heat conduction will be described in detail. Figs. 2A and 2B show the conduction of 
heat generated from the power element 1. Fig. 2A shows the heat conduction in the 
above-mentioned first background art power semiconductor device, and Fig. 2B shows 
the heat conduction in the semiconductor device according to the first preferred 

15 embodiment. As indicated by a heat diffusion direction 30 shown in Fig. 2A, the heat 
generated from the power element 1 is diffused slightly in the horizontal direction by the 
lead frame 2, but is not sufficiently diffused because of the small thickness of the lead 
frame 2 in the first background art power semiconductor device. Therefore, an area 32 
over which heat passes through the resin insulation layer 27 which is the main deterrent to 

20 heat conduction in the first background art power semiconductor device is approximately 
equal to the area of the power element 1. On the other hand, as indicated by a heat 
diffusion direction 3 1 shown in Fig. 2B, the heat generated from the power element 1 is 
diffused slightly in the horizontal direction by the lead frame 2a, and is also diffused by 
the metal block 5 having a sufficient thickness in the first preferred embodiment. 

25 Therefore, an area 33 over which heat passes through the insulation layer 7 is sufficiently 
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greater than the area of the power element 1. In other words, the deterrent to heat 
conduction in the first preferred embodiment is less than that in the first background art 
power semiconductor device. 

As described above, the semiconductor device according to the first preferred 
5 embodiment improves the heat dissipation characteristic. 

Additionally, the formation of the insulation space 60 between the metal block 
5 and the lead frame 2b enables the metal block 5 to be sized to horizontally extend to 
near the outline of the semiconductor device while electrical insulation is maintained 
between the first and second electrodes on the respective surfaces of the power element 1 . 
1 0 This enhances the heat dissipation characteristic. 

Although the size of the metal block 5 influences the wiring of the aluminum 
wire 8 in the second background art power semiconductor device, the size of the metal 
block 5 in the first preferred embodiment may be determined without influences upon the 
wiring of the aluminum wire 8 since the metal block 5 is bonded to the opposite surface 
15 of the lead frame 2 a from the power element 1 . 

The first preferred embodiment proposes a novel semiconductor device 
structure which has not been found in the background art. In the first preferred 
embodiment, however, the conventional manufacturing method and apparatus may be 
used before and in the step of producing the aluminum wire 8 by performing the step of 
20 bonding the lead frame 2a and the metal block 5 together immediately before the step of 
forming the resin package 6. Therefore, the first preferred embodiment can minimize 
new plant and equipment investments. 

Second Preferred Embodiment 
25 Fig. 3 is a circuit diagram of the semiconductor device according to a second 
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preferred embodiment of the present invention. As shown in Fig. 3, the semiconductor 
device according to the second preferred embodiment comprises, for example, a 
three-phase inverter circuit. More specifically, the semiconductor device according to 
the second preferred embodiment comprises three pairs of power elements 1 each 
5 including an IGBT la and a diode lb connected in anti-parallel with the IGBT la, the 
power elements 1 of each pair being connected in series which are referred to as an arm. 
Thus, three arms are connected in parallel. 

Output terminals U, V and W are connected to, e.g., an AC motor. Input 
terminals P and N are directly connected to, e.g., a DC power supply or an output of a 

10 power rectifier circuit which generates a DC voltage from a commercial power supply. 
Control terminals GUP, GUN, GVP, GVN, GWP and GWN are controlled to turn on/off 
the respective IGBTs la, thereby controlling the rotation of the AC motor. 

Fig. 4 is a schematic plan view of a structure of the semiconductor device 
shown in circuit diagram of Fig. 3 according to the second preferred embodiment. Fig. 5 

15 is a sectional view taken along the line A-A of Fig. 4, and shows a section after the resin 
package is formed. 

With reference to Figs. 4 and 5, the semiconductor device according to the 
second preferred embodiment comprises the power elements 1, the lead frames 2, the 
metal blocks 5, an insulation layer 17, and the resin package 6. In Fig. 4, the resin 
20 package 6 is not illustrated but a region 16 in which the resin package 6 is to be formed is 
illustrated for the purpose of facilitating the understanding of the structure. 

The semiconductor device according to the second preferred embodiment 
comprises the plurality of power elements 1 each corresponding to the power element 1 of 
the semiconductor device according to the first preferred embodiment, and the insulation 
25 layer 17 is made of a resin different from that of the resin package 6. The lead frame 2 
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and the metal block 5 are provided for each insulated unit between the power elements 1 . 
The power element 1 is mounted on the die bonding pad portion 3 of each of the lead 
frames 2. The power elements 1 are formed with electrodes (not shown) connected to 
the inner lead portions 4 of the lead frames 2 through the aluminum wires 8. The lead 
5 frames 2 are connected to each other through a tie bar 80. The tie bar 80 is cut off after 
the formation of the resin package 6, whereby the lead frames 2 are separated from each 
other. 

The metal block 5 is provided for each of the lead frames 2, and has a main 
surface provided with a protrusion bonded to a corresponding one of the lead frames 2 in 

1 0 opposed relation to a corresponding one of the power elements 1 . 

The insulation layer 17 is formed on the opposite surface of the metal blocks 5 
from the lead frames 2, and extends across the plurality of metal blocks 5. In other 
words, the plurality of metal blocks 5 are mounted on the single insulation layer 1 7. The 
insulation layer 17 is made of a material of high thermal conductivity, for example, a 

15 resin with, e.g., ceramic powder added thereto as a filler. Examples of the ceramic 
powder include silica, specifically crystalline silica, alumina, aluminum nitride, silicon 
nitride, and boron nitride. The resin package 6 seals the power elements 1, the lead 
frames 2 and the metal blocks 5 while uncovering the insulation layer 17. In some cases, 
an external heat dissipator is mounted to an uncovered portion of the insulation layer 17 

20 opposite from the metal blocks 5, but is not illustrated in Fig. 5. With reference to Fig. 4, 
the metal block 5 corresponding to the P-side power elements 1 may be separated into a 
plurality of metal blocks similar to the N-side metal blocks 5 each corresponding to the 
single power element 1 . That is, the metal block 5 is provided for each insulated unit 
between the power elements 1, and a plurality of metal blocks 5 corresponding to at least 

25 one power element 1 may be provided in each insulated unit. 
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A method of forming the resin package 6 will be described. Fig. 6 shows the 
method of forming the resin package 6 in the semiconductor device according to the 
second preferred embodiment. The resin package 6 is formed, for example, by transfer 
molding. A transfer molding apparatus 100 comprises a plunger 20 and molds 21, 22. 
5 The lead frames 2 to which the power elements 1 and the metal blocks 5 are bonded are 
prepared in a cavity 23 defined by the molds 21 and 22. The insulation layer 17 is 
placed between a cavity bottom surface 24 and the metal blocks 5. When the resin 
package 6 is made of, e.g., an epoxy-based resin, the material of the insulation layer 17 
prepared herein is a resin semi-cured after the kneading step, or a so-called "B-stage" 

10 resin, which is obtained by adding ceramic powder as a filler to the same epoxy-based 
resin base material (the base material including a main material and a curing agent). 
Then, the plunger 20 applies pressure to a tablet of sealing resin 26 to fill the cavity 23 
with the molten sealing resin 26. Thereafter, the semi-cured insulation layer 17 and the 
sealing resin 26 are simultaneously cured and molded to form the resin package 6. 

1 5 Thus, the semiconductor device according to the second preferred embodiment 

is constructed so that the metal block 5 is provided for each separated lead frame 2, 
thereby maintaining electrical insulation between the power elements 1 . 

Further, the insulation layer 1 7 is provided as a different component from the 
resin package 6, rather than as a part of the resin package 6. This allows the use of the 

20 resin of high thermal conductivity only for the insulation layer 17 which influences the 
heat dissipation characteristic. Consequently the costs of materials are reduced. 

The simultaneous curing and molding of the insulation layer 17 and the resin 
package 6 reduce peeling at an interface between the different resins. As a result, the 
dielectric breakdown voltage is increased. 

25 In the semiconductor device according to the first preferred embodiment, voids 
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are prone to develop in the insulation layer 7 having a small thickness when a material of 
low fluidity is used for the resin package 6. On the other hand, the second preferred 
embodiment in which the resin package 6 is formed after the insulation layer 17 is placed 
on the surface of the metal blocks 5 can reduce the occurrence of voids in the insulation 
5 layer 17. As a result, the dielectric breakdown voltage is increased. Additionally, the 
stabilized thickness of the insulation layer 17 suppresses variations in heat dissipation 
characteristic. 

A semiconductor device manufactured by forming and curing the insulation 
layer 1 7 on the surface of the metal blocks 5 and then forming the resin package 6, and a 
10 semiconductor device manufactured by forming the resin package 6, with the surface of 
the metal blocks 5 uncovered, and then forming the insulation layer 17 are lower in 
dielectric breakdown voltage but can produce the remaining effects described above. 



Third Preferred Embodiment 

1 5 Fig. 7 is a schematic sectional view of a structure of the semiconductor device 

according to a third preferred embodiment of the present invention. The semiconductor 
device according to the third preferred embodiment is such that a modification is made 
basically to the shapes of the lead frames 2a, 2b and the metal block 5 in the 
semiconductor device according to the first preferred embodiment. 

20 The power element 1 has a plurality of electrodes (not shown), and the lead 

frames 2a and 2b are separated from each other for electrical insulation between the 
electrodes. The power element 1 is mounted on the die bonding pad portion 3 of the 
lead frame 2a. A first electrode of the power element 1 is connected through the 
aluminum wire 8 to the inner lead portion 4 of the lead frame 2a, and a second electrode 

25 of the power element 1 is connected through the aluminum wire 8 to the inner lead 
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portion 4 of the lead frame 2b on which the power element 1 is not mounted. As a result, 
these electrodes of the power element 1 are insulated from each other. 

The opposite surface of the die bonding pad portion 3 of the lead frame 2a from 
the power element 1 includes a bonding surface 52 to the metal block 5. The opposite 
5 surface of the inner lead portion 4 of the lead frame 2a from the connection to the 
aluminum wire 8 includes a non-bonding surface 53 which is closer, as viewed in the 
vertical direction, to the power element 1 than is the bonding surface 52, with an 
insulation space 61 defined between the metal block 5 and the non-bonding surface 53. 
In other words, the lead frame 2a is shaped such that the die bonding pad portion 3 

10 thereof is sunk toward the metal block 5, and the sunk portion of the lead frame 2a and 
the metal block 5 are bonded to each other with the bonding material 10. The remaining 
structure of the semiconductor device according to the third present invention is similar to 
that of the semiconductor device according to the first preferred embodiment, and are not 
particularly described herein. 

1 5 Thus, in the semiconductor device according to the third preferred embodiment, 

the formation of the insulation space 61 between the metal block 5 and the lead frames 2a 
and 2b except in the die bonding pad portion 3 enables the metal block 5 to be sized to 
horizontally extend to near the outline of the semiconductor device. This enhances the 
heat dissipation characteristic. 

20 In the semiconductor device according to the first and second preferred 

embodiments, the metal block 5 having the protrusion necessitates the step of checking to 
see which surface of the metal block 5 is top or bottom and in which orientation to place 
the metal block 5, when bonding the metal block 5 to the lead frames 2, 2a, 2b. On the 
other hand, the third preferred embodiment features the shape of the lead frames 2a and 

25 2b uniquely designed to maintain the insulation space 61, thereby allowing the use of the 
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metal block 5 having a shape of a rectangular parallelepiped. This eliminates the need 
for the step of properly orienting the metal block 5 and the lead frame 2 for bonding, 
thereby enhancing the productivity of the semiconductor devices. 

While the invention has been described in detail, the foregoing description is in 
all aspects illustrative and not restrictive. It is understood that numerous other 
modifications and variations can be devised without departing from the scope of the 
invention. 



